Self-incompatibility in wild British populations of Myosotis scorpioides is under polygenic control; the degree of self-incompatibility varies, so that from 0-95 per cent seed-set is obtained after self-pollination. Homozygosity at more than a critical number of loci results in complete self-incompatibility. The degree of self-compatibility is positively correlated with heterozygosity. Trinucleate pollen suggests a sporophytic type of incompatibility system but some of the characteristics of a gametophytic system, such as the Site of pollen tube inhibition are seen in the species. There is no response to selection for self-incompatibility in wild French populations of M. scorpioides. However, upon selecting for selfincompatibility a correlated response occurred for protandry. The polygenic system can be considered as a primitive form of incompatibility system.
INTRODUCTION
THIS paper reports investigations on self-incompatibility in British populations of Myosotis scorpioides and comments on evolution to self-compatibility in French populations of the same species. The results are similar to those found in Medicago caerulea, Medicago sativa (Fyfe, 1957) , Borago officinalis (Crowe, 1971) and in certain genotypes of Viciafaba where a mechanical barrier to pollination does not occur (Drayner, 1959) . Fyfe (1957) working on the two species of Medicago found that incompatibility increased in proportion to inbreeding, a phenomenon which he described as "relational incompatibility ". Crowe (1971) showed that the incompatibility system in Borago officinalis was under polygenic control. Homozygosity at more than a critical number of loci resulted in complete self-incompatibility and an appropriate combination of the polygenes resulting in heterozygosity could cause self-compatibility. This was also indicated, by the results of inbreeding, in the breeding system of Vicia faba. In the particular genotypes of Vicia faba there was a clear association of heterozygosity with selfcompatibility (Drayner, 1959) .
MATERIALS AND METHODS
Natural British and French populations from localities listed in the table provided sources of the original plants. Except for seven plants from Loch Lomond, which were grown from seed collected in their place of origin, all the other samples were from cuttings.
Since the interpretation of experimental data was complicated by the different degrees of self-incompatibility and it was not possible to distinguish intra-incompatible, inter-compatible groups, the method applied to assess self-incompatibility was the analysis of the effect of selection, and the results are presented as a percentage of the seed-set. The highest percentage seedset recorded in experimental pollinations was 95 per cent of nutlets which is taken to represent the complete seed-set. Under natural conditions and random pollination the percentage of seed-set was commonly 100 per cent if the terminal flowers of an inflorescence were excluded. As M. scorpioides has different outbreeding systems, dichogamy, style length/filament length ratio, polygenic self-incompatibility and gynodioecy, combined in different ways and to different degrees, it was necessary to separate their effects.
Pollen tube inhibition occurs in the base of the style as is expected in species with gametophytic incompatibility, but the pollen grains on release are trinucleate.
In order to assess accurately the percentage of seed-set after selfing by hand and to allow for protandry, the following procedure was used. One to five inflorescences from the hermaphrodite plants were bagged just before their first flower opened. The development of the inflorescences was then followed and when the first flower of the inflorescence started to wither all the open flowers (9-19 according to the population) were pollinated with pollen grains from the youngest among them. Thus, in every plant, flowers starting from anthesis till after maturity were pollinated with pollen of maximum viability. When assessing percentage of seed-set, the first flower which had a withered stigma, and a number of the last flowers (depending on the weak or strong protandry of the population), were ignored. In this way the results of different outbreeding systems were separated and coincidence of maturation of pollen and stigma was ensured as far as possible. The number of fertilised ovaries was counted after 6-10 days according to their rate of development which varied in the different populations.
RESULTS (i) Breeding experiments
The results of seed-set after hand selfing hermaphrodites of M. scorpioides from the different localities are given in the form of a histogram ( fig. 1 A) .
The distribution of the classes is continuous, and skewness is associated only with the British populations.
To confirm that the level of seed-set was inherited, the progeny of selfed plants with low and medium compatibility were tested. reduced, the distribution is highly skew amongst progeny of every plant and 17 out of the 48 are complately self-incompatible. Hence the selection for low percentage of seed-set had an immediate effect suggesting that the number of weak loci controlling self-incompatibility is small.
To investigate the heritable variation following cross-fertilisation, a family of six plants arising from selfing plant No. 2 were selfed and crossed reciprocally in all possible combinations ( fig. 3 ). Two showed a very low self-compatibility, the remainder being completely incompatible. Thus after only two generations of inbreeding the polygenic heterozygosity had almost disappeared and the genetic control was fixed. The heritable variation in the self-compatible parents was very small. To examine the variation in the progeny of a plant with an intermediate level of self-compatibility, the progeny of an individual from the French was concluded that the self-incompatibility increases with inbreeding, secondly, the selfed progeny of the plant with 34 per cent self-incompatibility has a wider range than the Yorkshire population, where the selfincompatibility is very high. Therefore when the degree of selfcompatibility of the parents increases, the variation among the offspring is greater.
No evidence is available to show that the homozygosity of selfincompatible plants from widely separated populations is controlled by the same genes.
(ii) Inbreeding depression Although the polygenic control in the plants of British populations is not entirely efficient, it acts as a satisfactory outbreeding mechanism This is indicated by the inbreeding depression in plants of the Yorkshire population with 2 5-65 per cent seed-set as shown by the low germination of apparently well filled seeds, also from a small reduction in vigour and the segregation of recessive mutants including chlorophyll deficient, variegated seedlings and morphological modification of the flowers. Unexpectedly, plants from French populations also showed inbreeding depression, after selfing.
Discussio (i) British populations
Self-incompatibility in the British populations of M. scorpioides appears to be under polygenic control resulting in different degrees of incompatibility. There is also strong indication of environmental effects on selfcompatibility in British populations of M. scorpioides. Batemari (1952) regards the polygenic system as a temporary stage in the evolution of incompatibility of the angiosperms. In the early phase of incompatibility a polygenic system allows for a smooth change towards Outbreeding better than do major structural genes with their inherent rigidity (Mather and Jinks, 1971 ). Mather and Jinks (1971) suggested that this process provides a "continuous supply of raw material for the evolution of new structures of major and specific effect and once such a new arrangement had come into being with a major desirable action it would oust from that locus any unordered and ineffective combination, so becoming a fixed part of the genotype ". Support for the above suggestion is forthcoming from the results of the artificial selection for self-incompatibility in Borago and the British populations of yosotis. First, selection in the parent plants showed a great amount of heterogeneity which may depend on the segregation and recombination of polygenes controlling the self-incompatibility. Secondly, after several cycles of selection in progenies, when homozygosity is generated by the intrinsic inbreeding, genetic variation is reduced. In that way a more advanced system than the polygenic can be evolved, i.e. a qualitative system adjusted by natural selection, may gradually replace the unstable polygenic one. Many species which are in intermediate stages exemplify this gradual evolution by combining clear-cut incompatibility with different degrees of polygenic incompatibility, usually referred to or confused with, pseudocompatibility. This is clearly apparent in the recently discovered multigenic systems; for example, Larsen (1978) found that both polygenic and major-gene incompatibility coexisted in Beta vulgaris. In the Gramineae also, Lundqvist (1975) and Hayman (1956) agree that self-incompatibility is not absolute. Lundqvist (1975) concludes that this is intermediate between the indeterminate system in Borago with polygenic control and the complex S-loci system. The question of whether the number of the S-loci which can be found in the different species is fundamental and constant or whether it varies as they evolve is not yet resolved.
(ii) French population Selection for self-incompatibility and self-compatibility in plants from French populations and from their progeny was unsuccessful, indicating that these traits are not inherited. The results of the experiments to which the British and French populations were subjected fall into two divergent categories. When polygenic control is involved in the compatibility reaction, homozygosity at more than a critical number of loci may result in self-incompatibility (Crowe, 1971) . The opposite seems likely to happen in plants from the French populations. An appropriate combination of the polygenes can result in complete heterozygosity and therefore in selfcompatibility. The gradual disappearance of self-incompatibility is also demonstrated in another genus of the Boraginaceac, Ainsinchia. Here the dimorphic A. grandflora shows cryptic self-incompatibility and other different distylous species in the genus are self-compatible (Weller and Ornduff, 1977) . This is also indicated in Vicia faba (Drayner, 1959) . Significant evidence for this is shown by their inbreeding depression and their inherited high sensitivity to micro-environmental differences characteristic of quantitative variation (Williams, 1964) . The fertility of the F1 generation of the original French plants and their response to variable intensity of illumination ( fig. 4) is a striking example of environmental effects on incompatibility.
When self-compatibility is established some hybridity can be retained through the flexibility of polygenic control, through asexual reproduction and, finally, through their extreme degree of protandry which increases in progeny derived from inbreeding. This latter condition seems to be associated especially with French M. scorpioides, and it appears to be a case of correlated response. It is assumed that the selection in the French plants brought changes within the polygenic combinations which affected protandry, although selection for protandry was not practised. This perhaps also explains the erratic response to selection for high fertility resulting in the skewness of the F2 progeny derived from a parental plant exhibiting 55 per cent seed-set as shown in fig. 4 ; adjustment in one character affects adjustment in another (Darlington and Mather, 1949) . Nevertheless, there is no divergence in the responses of the polygenic character combinations, self-fertility and protandry. The latter by allowing interfioral fertilisation for the first flowers of the inflorescence, and out-
